Big Ray Tracing and Eikonal Solver on Unstructured Grids : Application to the Computation of a Multi-valued Travel-time Field in the Marmousi Model by Abgrall, Remi & Benamou, Jean-David
HAL Id: inria-00073675
https://hal.inria.fr/inria-00073675
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Big Ray Tracing and Eikonal Solver on Unstructured
Grids : Application to the Computation of a
Multi-valued Travel-time Field in the Marmousi Model
Remi Abgrall, Jean-David Benamou
To cite this version:
Remi Abgrall, Jean-David Benamou. Big Ray Tracing and Eikonal Solver on Unstructured Grids :
Application to the Computation of a Multi-valued Travel-time Field in the Marmousi Model. [Research
Report] RR-3019, INRIA. 1996. ￿inria-00073675￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Big Ray Tracing and Eikonal Solver on
Unstructured Grids : Application to the
Computation of a Multi-valued Travel-time
Field in the Marmousi Model
Rémi Abgrall , Jean-David Benamou
N˚ 3019
octobre 1996
THÈME 4
 
	
! "$#&%'&)(*+-,/.0,/.1%

2 /1+43654717189,&,:,;%=<>?@71.A,:9,BC
D .1$,FEG#HI.%
J8#%'FEK,I?%ML!%'NO,;%MD /?.+PD Q1%'
RTSUWVYX
ZA[\^]`_GabacedfUg_fh-ij1_gklXnmCo&Uph/_fVPq^r
s8tvuwyxw9z&{}|W~x~Ww8pK~x~~p
 wg uwIx&wIWxwwI
 w'9  wI
 pK    w  wy t w   t wp ¢¡K£y¤¥{@p¦  w£I¤¢¤p§{©¨¢§KªpwI
«A¬®­I¯°²±K³¢¯¢´¶µ w·  wywyW/~ t ~K¢w   t w9WGxw  ~¢GWxK¢~p&¸v t w'xK~º¹¼»²w    `»pw¹
~x&w¾½w  ª¢wIKw  w  ¦W¿1Gp~Wp  w&wKGw  ~x&wIW~¿ t wQÀÁ  x&WK~x  wIbÂ sÃ   wywIW w»¢wIWGw  x&w t     wAWx¦~w  ¿¢ t ~wI»¢w" t ~ªpp¢'ÄAÅx&w t   ¢w  ¦~ª  `Å  p~ªGÆ
Gw  ¸Ç   t w&pxKK~W1¸Èx~º¹¼»²w    `»¢w¹¼~xw½Gw  IÆfp  ¢Éw~ÊpG-¢»¢w   wI~ªpw 
 Ã   ÊWGK  G  w  x&wI t wyÂ
Ë ~ª  `A  p~ªQ~·¦G¢w  WÉ"px¦K~K¢~p1¢¸  `  ¢~Kª"¢  I®¢~WK'¢¸È t w&w~ÊWK
wyÌgK~WvÂÍÎp~I  `1  p~ªA½  Ï  ~  w~ÐIwIIÏf t wQ t pwK¢w&p ¥ w½wyHI/ÐWwIÃ
t ~ t GW~¦Á²»¢w  ¢ Ã
t w  w t w¾  `»¢wIº¹¼~x&w½GwI  ~x~¹¼»`¢Kw  Â¾Í'ÅwI~Ê¢pK¢¢»¢w   t wI
pxKwI t w  `»pw¹n~x&wQ~P t wIwAÐIpwyIw  ¦~ª  `IÂ¥ÑÒ¢&¢¢YwK¢~Ww  Gp¢ 
¦w Ã wwy  `
p~w    ~ºÓ^w  wIW·¦  pK t wI
¸/ t w  `»¢wIº¹¼~x&wH½Gw  Â s8t wª¢wWx&w  "¢¸È t w
¦K~ª  `0x`Q¦GwWx~¢w  p  ~8¦Gwy  ~  w~Ðw  K~ª&GK  G  w  x&wI t wyÂ/Í'Aw~ÊWK
¢»¢w   wI~ªWw   Ã   Ê¾pKK  K  w  x&wI t wI8~8Kw  Â
Ô1ÕWÖv×Ø°²Ù®­¥´HÚ px~p¹¼ÛW¢p¦~nÆvÜ0¢IK'¢¸eÝÈ  ~~plÆÞw  x&¢ 0 ~K~w¢Ælß·wWx&w  ~È9g¹
~IÆ  ` s: p~ªGÆ9ÀÁ~¹¼»`¢Kw  s® `»¢wI s ~x&wÅÞ~w  ÆHÝ'~p~Òà|g¢~pvÆHÞáâ`Þãåä· Ã ~ 
| t wIx&w¢Æ Ú ~ª t Þ  wyÌgwIK¥Í·xp~Æ µ `»¢w¾wIÌgK¢~pvÆ:ãe~ÊWK/wyÌgK~WvÆ Ú Gw  ¦¢~QãÌgK²¹
~WvÆKKK  K  w  x&wI t Â
«AæèçéæèêAçë/­yì®¬líÕg³¢¯³pîÇ±K­y­IïÇð:³p±¯IïÇØ^ñY´  ¢z Ú ¡WòÆIzp¤W|¡pòÆy§pòó·¡¢§GÆ§pòá9¤p¤KÆ²ô² áH¤¢¤GÆ`ôõ²¹Ò¡¢õ9Æ²ôõ¢Í·¡pòÂ
öø÷ùúûnüyý ùú'þ:ÿû 
	
 
  "!#%$&(')*,+!	-.0/1
3245
31&(''067)089"-3:: ;#=<":
> $@?BAC$ED&GFBHI"
3JJKL-3!:M"!N&GBO PQO3* 7)0R"S*M)"'T/1,+U(VW+;#N&(<":
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
Téléphone : (33 1) 39 63 55 11 – Télécopie : (33 1) 39 63 53 30
 P8%'å1% 2 +
	+å%,%
+:I.A,&1%M".9,
 I&%M+.1?I%=N ¾,/.0,/.1%
+43 5 7171I89,/).
<>
.1 1%  %'?@7+5 //#%
%
+¶D .1$,I71%
+å1+å% D Q
	%'%
D /?.+
Õg­yìÕP´ ó·pK9~~pG'QwI t ~Ìgw  w¢Kw   wª  W  `¢WK
Wx¦~wIw"GÉ t wIx  w
 wyp~W  wenÏ wIÌgK~WwI~Ê¢pK¢w  ~  w~ww  x~¢ª¢weW  K  wIIÂló'WK¢IWK-¢~G~
wI
wIxK  Ï   ~»wwyx~Kwy
ªwIw  wIeG  KKwW  wGWKww  ¢G
Kx&  uww  w»g~wIw
Ï  wI¢~w¢Ï^Ä/wHx&  uwIwHÀÁ  x&WK~
 
			  
  &,"É.0,&
ÀÁ¢~»²w  ¦WA¢wyW~®pK~I~W"~Wxpª  ¢ t Qp   t wpxK~WA¢¸Èx~ª  ~W"WGw  ¹
¢  IÆw»pw  l  ~wI·p t w  ~  wI  wI¢~p¢¸ t wwI~Ê¢pK¢lwIÌgK¢~p t `»¢w¢GGwy  w  ~1 t w
ªpwW t g~f~w    wbww9w¢Â ªGÂ! ¨¢ògÆv£`ò#"$FÂ s8t ~wy t ~ÌWKw¢ÆKKKQ¦K¢w  p"½~w  ~Ófw  wyKwyÆ
¢ Ã  t wpxK~p"¸: t w  `»pw¹n~x&w
½w  W"  wªpK  ª  ~  Â s8t ~  wI~  ¢¦KwH  pw  Ò¾~
K¢/ t   w  ¦p¢~¢  `  ¢~Kª Ã
t ~ t KwI~pw  Gp¢~p  wIwy®  wy¢ t  t w8¢x&wª¢p¢bÂ
s8t w0~x~¢~p¸G t ~/¢K  pp t  Ã w:~ t w¸ø¢® t /wI~Ê¢pK¢W¢»¢w  ®pKpxKw0 t wwI  ~º¹
wy  `»¢wIº¹¼~x&w%bKK¢¾¢~w   t w·wIÈwyw  ª¢wI~  w&Gwy~pG'$ Â s8t w9Wx&G¢~p¾¢¸- t w
x~¹n»²w    `»pw~x&w8½GwI  b~bÂ w¢Â/¢K t w
¦  ¢K t wI/¢¸f t w'¢~p($:G~ª  `  ¢~ªÆw~ÊWK
¢»¢w    p t w  x&wI t   IÆ~8  ~*)Q8¢I  wyx~9  W¦wIx p  & t ¢wIªp~Kª~  K  ~^~w¢Â
Í KpAw t ¢G~»pwH¦K~¦~¢ª  ¢ t ¾W" t ~
G¦gwI¸Ç¢ Ã 9Ä! ¨pôWÆ¨¢ ÆògÆ§KÆzGÆ-£I ÆG¨¢¡Æ¨²zGÆl£y¨gÆ-£`ô"ÈÂ
µ wÁ  wIwIW~ t ~"K¢w   t wÉ¢G~¢~p ¸H Ã Yx&w t   IÆ  wIwIW  wI»¢wIWGw  ÆY t w
pxK~W¸l t w9x~º¹¼»²w    `»¢w¹¼~xw½w  ª¢wyw  w  ¦Wp  w'¢~Weww  ~xwyWe~
 t w& Ã ,+  ~x&wIK~WK:ÀÁ  x&pG~:ÀÉ  wnÂÑÒH~HKpx&w1 t wÏ ¦K~ª  `  p~ªGÏ^x&w t    ¤"eWx¹
¦K~w  Ã ~ t ¢¥w~ÊWK/¢»¢w   wy~ªpKw   Ã   ÊWÁKK  K  w  x&wI t wI- ¨#"¼Â Ë ¢ t x&wI t   
  wHÌg~$Êp  w»g~w Ã w  ¢   t w  wI8¸: t wpxK~p  wIwIWw  p  Wx&x&wypw  Â
Í  ¢~  pKWWÊ&¸- t w9  W¦wyx ~  ~Iwy½    ~*)QÒ1Äª¢~»¢wI"»pwg~Ò¾x&  wnÆg t w  w
~0 Ã `¢¸-  ~  ~  ww  x&~~ª t w9WGx¦w  ¸  ~Ófw  wyW¦  ¢K t wIÈ¢¸-pK~pQp   t w~  K²¹
~¢¢~pvÂ s8t ~e~g¸Ç  x~W¾~pK¾WW~w  ~" t w9 t ¢w·Kpw'¢~pQ¸l t w·  p¦wIxÆ
~nÂ w¢Â8 t w¢~p1pxKw  ¦W  `"  p~ªGÂ8Íèwyp    W¦wIx~'"K  w  ¢   t w  w~W
¦w Ã wwyÉ t w¾~ª¢w¹¼»²w  gKx&w  ~Ip~WÉ¢¸ t w&wI~Ê¢pK¢®wyÌgK~WÁ¢   t wx~¹n»²w 
  `»pw¹n~x&wH½GwI  Â
|g~Kw t ww~ÊWK-wIÌgK~W~·¾»¢w  K  ~  ¢w¸È Ú ¢x&~p.+Ûppp¦K~
 á·ã·Æ Ã w  ~IK® t ~/  W¦wIx ~pKKwI~W Ã ~ t  t w8 t w  ¢¸»g~p~Ò¢~pK:~ t w
wg
wI~pvÂ µ w& t wy  wI~: t w t g¦  ~  ª¢  ~ t x¶¦Kpw  p  `A  p~ª"p  gI  wyp~WK
¢¸
 t ww~ÊWKvwyÌgK~WA~wy~W GÂ s8t wI  wIW8~x&~¢~pK8¢¸: t wx&w t     wH¢  wI  ~¦Gw 
t w  w¢Â
s8t w  w¾~px&w~w    w¾p¦GW t wAWGxw  ~¢  ~  wI~¢~p¥¸ Ú ¢x&~p.+ÛppW¦~wIÌgK²¹
~WK/W  wIªp  ª  ~  IÂ9w'x`&~w8¸Ç  wK¢xw/ º£¢£ÆôWÆW¨K£"¼Â s8t w  w
  w8 Ã x²   ~*)¾I~wI
~¥ t ~  p¦wIx Ä t  Ã   w  ~»¢w¢¦Kw t wIx&wIø~nÂ w¢Â& t w¾gKx&w  ~IpK~p  gwIH¢¦ Ã
G($10Æ t  Ã   w  ~»¢w t wIx&wI Ã
t ~ t wyK  wA t w1WW»¢w  ª¢wyKw"¸' t w1WGxw  ~¢0¢~WP
 t w»g~W~ÒQ¢~p
0 Ú ~ K wI¦Gw t ~   t wwI~Ê¢pK¢vwIÌgK¢~p  w9 t w  `g0¢¸® t wª¢wIpx&w  ~¢
W~QÄ t wAGw    ¦G~pGHª¢wIKw  w  ¦p¥ t wQp  w¢~W  `»¢wI Ã ~ t ½~wQGwIw  ~¿ t w
pxK~WK  px~¿p¿ t w  `H¸  px4 t wW  wQ¥¢WÅI  wypGp~WÂ Ë ÅpÊW~ªÁ~W
ppKWe t ~12K Ã ~  ~ª43 t wIKpx&wIKGÆg~~0p~¦w9¾WK  G¢¦w¢Æx&ppWw·p  pg¹
»pw  ª¢wyp/ t wIx&wyÂ:ÞG  wKpx&Kw
 t w9ß·  KK²» 65 4+gÞ  ~w   ~ t / t wyxwy/¸7 ¨£8"f¦wpª t ~
pIÂ Ë wypKw9¸® t w¢wyW~Qpx~Iw  ªpwpx&wI  &¢¸- t w9¢  px~K0p Ã
t ~ t  t wyw
¢¢~pK  w"Wx&Gw  Æ t wI¿  wQx&  w"pI  ¢wI  ~  w~ÐIw  K~ªÁ¢YGK  G  w 
x&wy t ÂÑÒ~p~¦w¾ÉªpwIw  ¢~w& t w"p¦G²»pwQ t wyx&wIÉKK  K  w  x&wI t wIp  ÉÊ¢wwy
 t w¢¦K~~Ò¢  pW»¢w  ªpwIKw·  pw  ~wIIÂ/Ñ1wy~W"zÆ Ã w  wI¢~lW 95 ².+WÞ  ~w   ~ t  t wyxw
A	A 6:'7*<;
z    ,	

  1 !81,	
WÅ  ~pªp  GK  G  w  xwy t wIIÂAÑÒ~½     w   t wyx&w¢Æ:~wIW     w  b~YKpw$
»pw  ~p¥~  wy  ~¦Gw  ~¿ t wAÍ·KwI  ~vÂ µ w t `»¢wQ t WwyÅ t ~G  ~   t wyxwQ¦wII¢KwQ~
~xwIx&wIW¢~pA~  wI¢~»¢w¾wIppÂ
  +®8+:$,f	 +:I.A,+åBT,/;%M%'I& % A.9,&
s8t w t wI  Q¸»g~W~ÒQpK~pK8¢¸ Ú ¢x&~pg¹ÒÛppW¦~^wIÌgK~WK  º£I¤KÆGõ"$0  ²»W~  wy8  ~ª¢  pG
x¢ t wyx&¢~¢²¸  px&w Ã   Ê¸Ç   t w  wI¢~W·¢¸ t wÈwI~Ê¢pK¢wIÌgK¢~pvÂ-ãe~ÊpG¢gKx&w  ~pp»pw  
pK¦wpKª·9 t wHÏ G Ã ~  Ï t wyxwy®¸ø¢x&~¢Æ¢ t w8¢~p¸ Ã
t ~ t pW»pw  ª¢we·ªpwIw  ¢~Ðw 
b t w9ª    ~wype¸l t w·¢~pQx`¾¦w  ~pW~gpG'$/  Ï »g~W~Ò^Ïp¢~pGÂ:Ñ Ã
t ¢È¸Çp Ã Æ ~H t w¾  `»pw:~x&w¢Æ ~H t w¾ Ã wy9~  w¥¸ t w  px¢~ 9Æ-¢ "! ~H t w¾ª    ~wIW Ã ~ t
 wIwI¾ t w»²  ~¢¦wI$#É¢ &% Â
s8t w»g~p~ÒQ¢~W"¢¸: t ww~ÊWK^wIÌgK¢~pA~&ª¢~»¢wy  px~&
' !  (#) % $ '+* 6(#) % $,) #) % $.-/ £$
Ã ~ t ¸Ç  w  ¢~W
W  w10 ¢ (#324) % 2$
 # 2 ) % 2 $ * ¡ n¨4$
p   t w|WWw  Ï  ~WW~WKpKIÏ®¦pK    Åp  ~~W  ¨¢¨#"  ¨§"$pW»¢wy~wIW Ã
 ~wy p-bww
 õ"$  (#) % $ *657 )(#) % $.-&89 b .$
I¢H¦w t wIx~I· t   ¢w  ~Ðw  Æ¸Ç  (#);:$FÆ²pv t w0pK~p9¸K < 9', 	   ' W~x
pW  ¢v  p¦KwyxAÂÀÉ  w  wI~w¢Æ  (#);:$~ t w~g½xKx ¢¸
=?>A@B C	D
>A@FE,B C;E;D 6(GIH$<$KJLH
²»pw  lK¢ t MG·¢~~ª (#2N) % 2$0¢  (#) % $0¢  K t  t ¢MG  O    (
QP   9ÆGwwÞ~ªW  w
£pÂ Ú w  wpÆRH~' t w  wIKª¢ t Â µ!t wI"à~· t w Ã
t ¢wK¢w¢Æf t ~·~'¸Ç  xAwIÌg~»`¢wyW'A t w
Þw  x  ~K~w"¢   t w"W~x+H&STUG<H$  w  ` Ã
t ~ t   wQ¢~w  Á t w"xwy
W~¢vwyª¢ t ÆK t 8~Æ t wwI  ~wI0  `»pw¹n~x&wpÂ
5 wy  `»pw¹n~x&wy¢¿¢É¦GwA t   ¢w  ~Ðw  ¦W¥1~x&~  x&~~x&~Ðy~WY  W¦wIxÂ s8t w
Ê¢w¾¢~p~0¢~w· t IÆ Ã
t wI  `ª¢~»¢wI0¢vx~~xKxÎ¸Ç   t wH¢¦²»¢w·p~x¢^pW  ¢
  W¦wyxÎwI~ t w Ã
t ¢wHKpw¢Æg t w¢~w  »`¢Kw·¸øGK~WAªp~»pwI0&¢wI  `»¢wIº¹¼~x&w¢ÂÈ|WGÆ
~¸ Ã wHpG~  w    `ª¢~»g~Kª&¢wI  `»¢wIº¹¼~x&wI0¢   t gpw·  wy  ~w  !K t  t ¢ t ~  `
Ã ~È¦Gwypx&wª¢p¦K¢:x&~~xA¸Ç   t w¾w Ã p~x¢pW  ¢/  p¦Kwyx bww½GªGÂ£$ Æv t w»g~W¹
~Òp~W¸È t ww~ÊWK®wIÌgK¢~pp t ~  wI  ~w  px~ Ã ~  wIGW  Q t ~·wy
  `»pw~x&wpÂ®Ñ t   IÆ` t w»W~p~Ò9¢~p¢ Ã `lªp~»pwIv t wwy  ~wIl  `»pw¢~x&w0K¦wI:· t w
pK  ~WGIH$ -  Ã
t ~ t / t w8wIÌgK~Ww»pw~/wI¸Ç  w  ¦W t w·|WpKw  ¦pK    W  ~~pvÂ
$@?BAC$ED
 
			 ò
A
B
Þ~ªp  w'£pÄ s8tK ww  `:  w  W~KªGÂ µ w8KGGWw0 t ¢® t w  ¢w   `lª¢~»¢w0wI  ~wI®  ~»²W~x&wI
¢ t w"  p~ª Ë ¸  Wx  t w"p  wQÍÆ- t w"¢ t w  b~Y~w"~¿ t w"p  w ¿ px~($HÉ¢w 
  ~»`¢G~x&w¢Â s8t w9w 0 ` bI^x~~xKx>~Q¢^G¢w$ Ã ~v~v¦w·ª¢p¦K¢fx&~~xKx>~
 t w¢  w 1 Wx~1¢   t w  w¸Ç  w t w»W~p~Ò¢~p¢¸È t ww~ÊWK®wIÌgK~W Ã ~ t |WWw 
¦pG    "p  ~~pA~A t ~  px¢~Aª¢~»¢wy t ww    ~»²^~x&w8 t w  p~ª Ë Â
Ñ  ¤"¼Æ Ã
t w  w t wIw~  wy¢8  w  wI»¢wpw  ÆG¾x&w t   Iw  Ï ¦~ª  `¾  p~ªGÏ~
  ppw  
wwI:
¸ø¢x&~¢¸GgI  px¢~KIÆ² t w¦K~ª  `IÆ`K t  t ¢® t w8¢~w  »g~p~Ò¢~pG-ªp~»pw
~wIp t ¦~ª  `  ~Ófw  wyW·¦  ¢K t ¢¸/ t w&x~¹n»²¢w    `»¢wIl~x&w½GwI  Â µ w¸ø¢w t w  wªW~
 t w½    ~*)QÒÉx&wIW~pKw  ~1 t w~W    K~WYÄ8wIp t ¦  pK t ¸È t w&w~ÊpG®x~¹n»²w 
¢~W~9¢~¢w  ÁÏ InÏK¸ø¢x&~~wI·¸  `Â·Í6K¢  :~  wI¾~'Aw  ¸Ç  xå  `  ¢~Kª
p·Q½  9wIÉApKgÐw t w  W¦wIxå¢  wIwy9 t wyw¢  px~KIÂ s8t ~9~·wK~w  ~
 t wwg
wI~pvÂ
  >;%   @8	 ,/
&/F,;1?
µ w  ppw· t wH¸Ç¢ Ã ~ª¾pWx&¢~H  w    w¢Ä
 "±pÖ Ù®ïÇ­y³°²ÕW¯Iï¢±¯yïÇØfñ6´8s® ¢wª¢~»¢wIgKx¦w  ¸  ` Ã ~ t ~K~~¢® t g¢~ª¾¢Kª¢wI bww
½Gªp  w¨.$  wIªp    ~  w~ÐI~ªQp~~~-pwI~ªQ¢Kª¢w  wIGW  ~ªQ&¸ø¢¸  `
 Ã ~ t   KKª¢w¾ª¢  ~ t x ¸Ç  ~G¢Kw$FÂ  `g8  wHgKx¦w  w  ¸Çp Ã ~Kª t wIw~K~º¹
~  ~  wI~pK n`¾¸  px w¸Ç8  ~ª t 0pA½GªW  w¨.$FÂ
 ïC°²±pÖl­	fÕñ-ÕW°²±¯yïÇØfñåé­IÕgÕ±KîÇ­yØà±

ÈÕñ®Ù®ïè«1ëI´µ wA Ã  w½wAPÏ ¦~ª  `^Ï®¢ t w
wIW»¢wIWGw0¸ tK wwGwy~»¢w t ¢  `IÂlÑ¼¸ t w  `:  wgKx¦w  w  ¸  Wx>£·ó¸Çp Ã ~Kª
 t w"   w Ã ~ t¿Ã
t ~ t  t w¿  wQ t pÂ Ë ~ª  `g  w¾ t wQwyp»pwpwIH¢¸  `1£pÆ ¨KÆ   $
 t wI
b GÆ zÆ ò.$'p  ¸Ç   t Âpª¢w bww¾pKGwy  ~ÅÍ $FÂ"|Www½ªp  w& GÆ:òKÆ-§KÆ-õp  ¤ww
¢K¢È¦~ª  `9p  ½Gªp  w£I¡A1wIw¾/ t wQ¦~ª  `9²»pw  ~ªA t w  px~vÂ µ w  wI¢~
 t ~
pK  K~W"~¢KwI  ~ºÍÂ
A	A 6:'7*<;
§    ,	

  1 !81,	
   ïØ^ñ-±Kî:°²Õg­IØfîøì-¯IïÇØ^ñTé­yÕgÕ±Kîø­IØ±

ÈÕñ-Ù:ï  ±Gñ®ÙQëI´ ÜWx&Gw t w8»W~p~ÒH¢~W
¸e t wwI~Ê¢pK¢-wyÌWG~pÉ~ÁwI¢ t ¦K~ª  `pÂ µ w  wy  ~¦wp  x&w t   ¸  wyp~W~Á t w
w
wI~pvÂ|WwIw9½Gªp  wHz¾¢  £I¡QwwpWW  ~wI
¸ t w¢~p"¸Ç   Ã ¦~ª  `Â
 æ6ì®î ¯Iï	K±Kîøì®ÕgÙT¯°²±
fÕgîe¯yï ¿Õ±Gñ-±Gî Öl­Iïø­A´s8t w9  `»¢wIº¹¼~x&w8½Gw  ~ª¢~»¢wy"¦W t wKGw  ¹
~~p"¸®¢fgIf  `»¢wIº¹¼~x&w
½GwI  pxKw  ~Q t wH¦~ª  `gIÂ µ!t wI¦~ª  `e~Ww  wIÆ
 t ~
wyAªp~»pwI¾xK~º¹¼»²w    `»¢wIf~x&wH½GwI  Â0|Www9½GªW  wIH£y¨&p   t wH¸Ç¢ Ã ~ªÂ
Þ  ¢ ø~Kpxww$·x&¢ t wyx~¢È¢K¢~9¢¸ t ~x&w t   wIw  ¤" Ã
t w  w Ã w  ~GIÆl~
G  ~  Æ/ t w1pK~wyKY¢¸' t wx&wI t   ø~¾¢¦K~~ÒYÅpxKw t w1xK~º¹¼»²w    `»¢w
~x&wH½GwI  $FÂ
s8t wWK~wyK~9~x&~w  ¦W t w  `  ~  wI~ÐI¢~p1wIlÂ9Þ~  Æv~x1¦GwypKw Ã w&p
x&~&xK~º¹¼»²w    `»pw~xw    Kw  ¦W¥½fw" t wIw  ¢ªpwIwI~~wypW¢~w  ~Ppw¦~ª
 `¢Â®Ñ¼¸  `È  w·GpwIW~¢&  W~ª~G~  w·¦~ª  `pÆ t w'w~ÊWKfp»pw /Ã ~WWxKw· t w
wy  ~wI0  `»¢w¹¼~xwHW¸ t wywH Ã   `Âs8t w¾wIp  ~KpK~wyK1~9~KÊ¢w  A t w&ª¢wIKw  ~pÉ¸e t w¾¦~ª  `gIÂHÑÒ9x` t pKwIw 
KwI  pK~:  ¸Ç¢g¢~W: t  t w8¦~ª  `®ª¢wIKw  ~p  ¢wªpHwy`»¢wI®pK®W9  ~p¢¸
  `pÂvÑÒ Ã ~pw~:¢   wwyWw   t w0¦~ª  `pÂ s8t wI t ~  `  gwI®¢®¢~¸Ç9 t w0weWK  ¢~W/Ï G
 wIx¢~K/  ~~ 9ÏÂ s8t w8»g~W~Ò¢~p t p t w  w¸Ç  w0 t w  wI~¢  wy¢p  wy  wywyW
 t wH  `»¢wIº¹¼~x&w9p~w   t ~  `pGwH~  wwypw  0 t w  Wx&¢~lÂÍ   wI~x&~K  Q    º£Iõ"
t  Ã wI»¢w  ª¢ªpwI· t  t w¾»g~W~ÒÉpK~p¥~ª¢g  ¢K  `~x¢~pÉ¢¸ t wIw  `»¢w¹¼~xwyÆ
 t 9~ÆvWW»¢w  ª¢wy8 t w&  wy·¢~WÉ¢ Ã w  wI  wy¢w t w~~~/¢w    w¸e t w&¦K~ª  `
  WK   t w  ~  wI~W"¢¸: t ~
K  ~K 0 `¢Â
s8t w·p0  p¦wIxè~ t w·p~¦w'  wIwIKw
¸-p`ªWw'Gp~W!ø¸ÇgIf  ¢G~
¢~W$W
 t w  `Â:Í8¸Çw   t wIw'¢~pÈ t w  w'  w8ªWK  ¢WwIw t ¢È t w  `~H¢Gx&~K~xKxÂ/ÑÒex&  w
~Êw¿  wIGW  HÅÉ K w"¢~W¸Ç   t wAp~x¢WW  ¢e  p¦Kwyx  ~K~PwI~WP¨Â
Ë wy¢GwH¸: t w¦~ª  `  ~  wI~ÐI¢~p Ã w`»¢p~  x&p8¸: t wyw  ` Ã
t ~ t ¸øl~ t wIwª¢  
ºK  wI  ~¦w  $
¸  ` Ã
t ~ t  K¢H¢~¸Ç1 t w&¢wWK  ¢~WIÂ µ w  w  wIW1  g~Kª
¾ K  wI t wIwH¢~W
x&  w  ~ªp  pKpÂ
  I& +:#%'&.1+l,//.0,.1%
?%
+:;%'+
s8t w&¦~ª  `9x&` t `»pwpx~Iw  ªpwpx&wI  ~wyÂ µ w  w»¢wIWGw  pÁ¢Kpx¢~  w    w
x&wy t  t wyxG~ª¾¢KK  K  w  x&wI t ÆKwIw¢KwI  ~ºÍÂ
µ w' Ã  wI  ~¦Gw
 t w
wI~Ê¢pK¢KWGxw  ~¢G¢»¢w Ã   ÊW~Kª·W t wyw
KG  K  w  x&wy t wyÈ¢ 
 t w  ¢~^~xwyx&wIW¢~p¸ t w|gpw  ¦pG    "p  ~~plÂ
µ we  w~xwIx&wyp~Kª'¢ Ú px&~Wg¹¼ÛW¢p¦~¢»¢w   wI~ªpw   Ã   Ê
pHKK  K  w  x&wI t wI
' ¨" $ ÂAÞ~  Æ:~KwI  ¸
p»g~ª t wAwI  Áw~ÊWKewIÌgK~W£+K¨#+ .$FÆ Ã wQ¢»¢w~KKwI  
»pw  ~pp¾w  ~  ¢¸6bKwI  ¹<$¼~x&w.- "¡3)(   wIp t wI  w'¢~p&¸v t w
w~ÊWK
$@?BAC$ED
 
			 ô
wyÌgK~W    ) #) % $ 56' !   );#) % $ ' 6(#) % $ * ¡ )(#) % $.-  øz $
µ wWK~  w   t wH¸Çp Ã ~Kª¢~W
W  wH¦GWK    "p  ~~W
  );#324) % 2$ * ¡ ) ¸Ç  ¡ nò4$
p   t w|WWw  ¦pG    "p  ~~p
  );#) % $ * 57 )É¸Ç   (#);:$.-/89!¢  #) % $* (# 2 );: 2 $ b§.$
Ñ n§.$FÆ 89  wIK¢wy t w¦pG    Q¢¸ 9Â
µ wwIw  Q~$Ê"G1¾ )Q~wypA  ªpw     wI¢ t  t wwI  W¹¼¢wpK~pA¸9øz,+ò#+§.$ Â
µ wÒ~QpÊw  
	  ~¢x&wIw  ¢¸ x& >A@B C	D 6#) % $FÂ
µ wK Ã ¸ÇgIK&pY t wWGxw  ~¢ t wIx&w  WGWw  ~  ¨"8¥¢»¢w" t wKKwy  ¿w~ÊWK
wyÌgK~W øz,+ò#+§.$ Â s8t wHWxK¢~pK¢  px~Q~½    ~  wI~Ðw  ¦pQx&wy¢Q¢¸®  ~pªp~W
Ã
t ~ t   wy  w  wy¢w  ¦W ) * £N));  Ã ~ t g   ~K¢w (#;) : $ $p   t wA  ~pª¢wI
  w  wy¢w  ¦W ) * £ ));eÂ s8t wQ¢K  `~x&¢~p1¢¸  ¢  w¢  nKwy  ¢¹ $Ò~xw
! * " e~  wIpw  ¦W    Â s8t w  w~p¦w Ã wwI   $#&% ¢     ~'( )   $#&% * ¡ ~¸*  * 0 * p  w¢~W
  $#&% *     "  ,+    6(# ) : $ $@ww ¼ô$
s8t w¾|WpKw  ¦GWK    W  ~~p1~ ,	   

 P wI¸Ç  w  ¦p t w 2K Ã ~  3Q  pw  ~wI
¢¸
 t wegKx&w  ~ 5 4+gÞ  ~w   ~ t $ Ú px~pK~p-+   b t w
Ï K Ã ~  ÏIpK  `~x~W'¢¸ ' !   );#) :$ ' $ Âs8t ~~8wK~w  ~¢KwI  ~º Ë!Ã
t w  w+   ~
  wy~wI  w½w  Â
s8t ~
¢»¢w 0t ¢8¦wwI t  Ã A¾¦GwpW»¢w  ªpwIW ø~  ¨gÆl£" $  ²»g~  w   t w~x&wwI~½GwI" ./10 £¨ bõ.$
Ã
t w  w .2 ~H t w    ~G·¢¸ t w  ªpwI·~  w¢¸0wyWw    p  pW¢~Kw  ~¥ t w¾K~p¥¸0 t w
  ~¢Kª¢wI0~w  ~43  bww9½GªW  w&£yõ.$ Â s8t w 2£`â¢¨,3p  ~~W¢¦w  wIgw  ¦WÁ£H~  p~w¢Â
Í·8  wI»g~WK¾x&wIW~pw  Æg t wwIÌgwyKw    $  WW»¢w  ª¢wyÈ&p"¢G  `~x~pQ¸- t wpg¹
~W¢¸ t w8w~ÊWKgwIÌgK¢~p Ã ~ t  t w·|WWw  ¦pK    W  ~~pKIÂ s8t w  ~ºÓ^w  wIKw8¦GwI Ã wIwI& t w
65L ¢~p  (#) % ) <$p   t wgKx&w  ~®p~W    ~
wK  wyw  ¦W t w¸Ç¢ Ã ~ªQ  p¹
~~p  ¨"$·Ä
7 8   54  M' I  98;:974<714!= 8  
QP 6(#) % $?> ,7,
*@:6 '!A , CB D7  O

 
FE1

 ,7 ,. 
* FE%,7  (   
   	G7 ,7 ,(HE ,3P .-  " )8 5 £$F"  *:7I7LKJ
L  MN;)	<$     L 0PORQ .  b¤.$
A	A 6:'7*<;
õ    ,	

  1 !81,	
:97 .  %,7 #/FE%D7 
A  . ( . 
*
s8t ~&~KwIÌgK~ÒY~&»¢w  YwI~x&~~¦Gwy¢Gw~ ~  g¢¸Æ Ã w t `»pw"ÅpÊwA~W¿¢IWKW
¢ t w¾GW~¦Kw~ªW  ~~wI·¸ t w¾¢~pvÂÑ¥  ¢~wpÆ Ã wp¦Kw  »¢w¸Ç  Gp~W N0  ~
pW¢~Kw  ~K~  wH t w  Wx~¥Ä
L  M  ) <$     L 0 O . 
¸Ç   t wH½  8   w   t wIx&w¢ 
L  M  ) <$     L 0 O .
¸Ç   t wwIp     w   t wyxw  wy  ~¦w  ~¢GGwy  ~1Ü·Â
Þ~KpÆ Ã wp¦Kw  »¢w   t ¢® t w t wyxw0ww  (H$-Kwy  ¢¹n~x&we~w  ¢~pwyK®·pW»¢w  ªpw
¥ t w1wI  Yw¢~pvÂ s8t wA~g¸Ç  x~WP~  wIw  px&wI¸  px  t wp  wp    `»pw
¸  pxM  w1P  w Ã ~ t ¿GwIw  ~x&~w  ¦W  t w¥ÜÞ 5 W  ~~p bõ $FÂ s8t ~¾¢
¢¦~~Ò
p  ~~W¿ t w  w¸Ç  w¾wIg¸Ç  wI1x&~~xKx gKx¦w  ¸bKwI  ¹<$¼~x&w"wy¿~w  ~pG  wIp t
 t wHwI  p¹Òw·¢  *   Â µ w  w  w»¢wIW~ªpQ~x&K~~»¢w  ~W¾¸- t ~8 t wyx&w'&~x&  ²»pw
~'pxKK~WKvw  ¸Ç  x¢KwIIÂ
 	 &&, +®&.18%+? .19, I ,;%D /?&.+:à?Q1%'C
Q.1?%·/8P8&??%'&,:+
µ w  wywyp® t w¢G~¢~pH¢¸K t ~xwI t   ' t wpxK~W¸K t w0x~¹n»²w    `»¢wIº¹¼~x&w
½w  ~x&g¢ t w  £y¨p¨  ¢õ¢z¾Gp~WÀ¥  xWK~lx  wI n¨z¾xwIw  8¢xwI$FÂ s8t w t   ~ÐIpW¢
~.#  ¢Kª¢wIe¸  px>¡¤G£I¤p¨
¥ÆW t w·»pw  ~^²~ % ¸  pxÎ¡  ¨¢¤¢¡¢z
ÅÂ s8t wHW  w
~0¢w 
¢+# * §p¡¢¡¢¡
¢  % * ¨¢õ¢¡p¡
ÅÂ
s8t w&p¦wI~»pw¢¸e t ~H~xK¢~p1~' t  Ã  t w&p¦~~Ò1¸È t ~Hª¢  ~ t xApxKw&p
pI  ¢w  wy~~0x~¹n»²¢w    `»¢wg~x&w0½Gw  Â µ w8 t w  w¸Ç  w0 t gWw0¦K~  9  ª¢wgKx¦w 
¢¸¦~ª  `Æ²Kw  wIpWK¢¦·½w8x&wI t ¢  9wyp     w  wI~Ê¢pK¢W¢»¢w  Â s8t w0gKx¦Gw  ¢¸  `
 t pÆ¢p  pGwyÌWKwIW¸v¦~ª  `¦K~IÆ  gwy/¢  ~  wIGwyK~ÐIw8 t w
pxK~WKKp:¢¸
 t w8x&w t   Â/| t Wp~ª  `  t w  wH£`ò¡.$v~~  wIw  ¢»pw  9wKGwyK~»¢w8p  Ww8¢WK~  w   t 
n·½Kw  x&~~xGx x&wI t ~ÐIw$' t wgKx¦w  ¢¸  ~  wI~ÐI¢~pÉ¢~W9ª¢wyw  w  ~Á¢ t w¾¦~ª
 `p~K  wy¢wI Ã ~ t  t wgKx¦Gw  ¸È¦~ª  `g Ã
t wI1xK~º¹¼»²w  ¹Òwy8I  8~É  wIª¢~pvÂ
ÑÒ9~H t w  w¸Ç  wwywI  pxKw t w¾x~¹¼»`¢Kw  ¢~WvÂ s8t w¾WxK¢~pK¢:p·¢¸
 t wwI~Ê¢pK¢-¢»¢w  ~·~wy 
Ã ~ tÁ wywI
A t w&WGx¦w  ¢¸eGp~W'~1 t wWK~  w  w  px~vÂ
|gGÆ¢ t w
WxK¢~pK¢GW  gwyÈ¢  ~  wI  wyGwy  ÈW& t w
gKx¦Gw  ¸l¦~ª  `pGw8 t w  `
 ~  w~Ðy~pQ~½w9wIKpª t ¢ t  t w9x~¹n»²w  ¢~pvÂ s8t w  wIfw  p0~  Kw 
¦W  w½f~Kª& t w  `  ~  w~Ðy~W"~ t ww  &gKx¦Gw  ¸/x&wI t ªpwIw  ¢~pKwIw  w  Â
µ w Ã pxx&wIW8 t wH½Gªp  wI  ~`g~ª t w  wI8¢0 t wwI  ¢¸: t ~
K¢w  Â
$@?BAC$ED
 
			 ¤
 Þ~ªW  wÉ¨ Ä 5 w¸ÇÄÁ¿x&Wp t w  À¥  xWK~
x  wIø»pwg~Ò$ Æ t wÉ¦¢$ÊP  W&~  ~wI
 t wQ¢~WW  w¢Â  ~ª t Ä&£yò¡  `g9 t ¢H~Á t ~x  wIbÆ- t w~~~¢  ~  wy~WK  wIªp  
 ~  wI~Ðw& t wQpw   ¤p¡ â¤¢¡ $ Â  `g9  wWGx¦w  w  ¸Çp Ã ~ªA t wIw~K~~¢  ~  wI~pK
Ç¸  px w¸Ç8  ~ª t $FÂ
 Þ~ªW  wA YÄ 5 w¸ÇIÄ  `ôõÁ¤YÂ  ~ª t Ä t w"  wIGW  ~ªÉ¦~ª  `¥¢  ~x&wI t Òô²¤¢§põ
  ~pª¢wI$FÂ
 Þ~ªW  w"zPÄ¾ÜWWp  ~wA¸8 t w"w~ÊpGe¢~p bw»pw  ¥¡ £FH$9~Y t w"¢¦²»¢wQ¦K~ª  `Á¢¸
½Gªp  w KÂ
 Þ~ªW  wòAÄ 5 w¸ÇÄ  ` Òôg£pÆ ô¢¨Æ ô² .$ Â  ~ª t IÄ  ` ¼ô KÆ ô`zÆ ô¢ò4$ b t w#É¢wH~  ªpw  Æg t w  `
  wH»¢w  Qpw$ Â
 Þ~ªW  w§Ä0Ü  wIp  ~ª¦~ª  `¢  x&wI t wyb  WK  zWò¡p¡  ~¢Kª¢wI$FÂ/ó'pw t IÆ¢ `
ô² p  ô²z~Ww  wIÆ t wIw¦~ª  `0²»¢w  ¢vÂ
 Þ~ªW  wô"Äfgpx ¸ t wx&wI t wy¸:½Gªp  wòÂ
 Þ~ªW  wõÄ 5 w¸ÇÄ  ` £¢£y KÆ£¢£IzGÆ£¢£yò.$FÂ  ~ª t IÄ  ` £p£yòKÆ£p£I§KÆ£¢£²ô$ Â
 Þ~ªW  wH¤AÄÈÜ  wIp  ~ª&¦~ª  `g¢  x&wI t wI b  WK  õ¢¡¢¡p¡  ~¢ªpwy'$ Â s8t w¾²»¢w  ¢lÂ
 Þ~ªW  wA£I¡1Ä·ÜWWp  ~w¸e t wwI~Ê¢pK¢®¢~p øw»pw  ¡H£ H$0~Á t w&¦~ª  `g'¸/½GªW  w
¤KÂ s8t wHÐIpw Ã
t w  wH t w¦~ª  `0²»¢w  ¢¾ªp~»pwI Ã   ~ºÓ^w  wIW  `»¢wIv~xwyÂ
 Þ~ªW  w£p£ÄÍ'e t wQ¦~ª  `gÒô`z $·p   t w~  x&wI t wy  ~`¢w  ¢ª¢wI t w  ÂfWwI Ã
t w  w
 t wI"²»pw  p"  w  wIKw¢    wH t wG¸/x~¹n»²¢w  ¹ÒwIÂ
 Þ~ªW  w £y¨Ä s: pwy¾¸ t wÁ  `»pw'~x&wyA¢" t w¥  ¸øpwÉª  ~  ¢~p"¢¸ t wÅx&  wÇ
»¢w  K  `»¢w¹¼~xw$FÂ 5 w¸Ç9Ä/  `&  ¢~Kª¢~p øª¢~»¢wy¾~  º£I§"$FÂ/ÑÒ0~W¦¢~Kw  G~ª
 t Wp~ª¢  · Ã HGp~W  `H  ¢~ªHx&w t   Â  ~ª t Ä:p~WW¦¢~Kw  ¦ppK~  w  ~Kª
 t w·  `»¢wIG~x&w·pxKw  ~QG t w·¦K~ª  `È t w9  ¸øpw% % * ¡ $/¢  ~Ww  ¢w  W
¾ ¢õ¢z  wªW  ª  ~  Â
 Þ~ªW  wy'£y KÆ£zÆ£`òÆ£I§KÆ£`ôÄeÜpxK  ~p Ã ~ t  t wHG¢Q t ¢ øp" t w9w¸Ç'$e¢¸® Ã `»¢w'wIÌgK²¹
~p  wI¢~pA~ t w¢x&wx&  wnÂ s8t w Ã `»pw·wyÌWG~p b~ t w~x&w  Wx&¢~ $~
¢»¢w 
K~ª¿ÁwIp  ¹n   w  ½K~w¹  ~ºÓ^w  wIGw t wyx&w Ã ~ tt ~ª t w     w  ¢¦G  ¦~ªÅ¦GWK    
W  ~~pK  º£I¡"nÂ s8t wQW  w~¢~Ðw  ~YG¢w¾p  ¨¢  % ß9pK~¢  w  ~»`¢~»¢w~
~x&w¢Â
9Á t w  ~ª t H/ t wQ¦~ª  `·¢~pG t `»¢w¦GwIwIÅ~pw  Gp¢w  pÅ ¢õ¢z¦WP£`¨¢¨"ª  ~  Â
 t ~8ªp~»pwI0&x~¹n»²w    `»pw¹n~x&w
½w  WA  wIªp  ª  ~  Â µ wH t wIwIwy t w&Ï ¸  pWÏ
ª¢~»¢wyY¦p¿ t w"  `»pwÈ~x&wI&x t ~KªÉ t wA~x&w"¸
 t wA  wyp  ~KªÉKpY t ¢ Ã ~ t 
pw  pKw&¸8¡  ¡¢¡WòQwIW  IÂã»¢wyÁ t pª t  t w Ã `»¢wwyÌgK~W¥¢~p¥~¦K¢  ~x&~w 
~"¸  wIÌgwIGQ¢  p  ¢~p  wy  wIwIWe t w t ~ª t ¸  wIÌgwyKQpxp~' t wHÊp~wyx&¢~
  wH~»¢w  ¾ªpg  ¢I   pKwpÂ
A	A 6:'7*<;
£y¡    ,	

  1 !81,	
  Õñ®Õp°²±Kî³pØ  ¿Õñf¯I­Ø^ñ¯®ÕÉñvì ¿ÕW°²ïÇ³p±Kî°²ÕW­`ì®î ¯I­
Þ~ªp  wH£y¨· t  Ã : t  Ã w0  w¢¦Kw  wI²»¢w   t w0 tK ww8  ~K~GÐWwI¢¸fx~º¹¼»²w  ¹¼wy
¢8 t w&  ¸øpw¢Â s8t w  w  wpGA Ã QKw  GWw    ~~I~W~ t wx&~ G wpwpÂÍ'® t wyw
  ~~I~WK¢¦wHpW~~Kw  ¸  WxÎ t w  `  ¢~ª&¸®½Gªp  w¨ Ã
t w  w9 tK ww9¸Ç¢vÐpKwIp
¦w~  wIW~½Gw  Â/ó'pw t  t w  `¾  p~ª&¢~W t p  ~*)¾I~wI8~ÐpKwI0¸ª¢wIpx&w  ~¢
  wI  ~KªW" t wH¸ø   t w  x&p  ~ª t ¢  w¸Ç
~  w¸: t wH½GªW  w¢Â
ã»¢wIÁ t Wª t  t w Ã `»¢wwIÌgK~WÁ¢~p¥~9¦G¢  ~x&~w  ~Á¸  wIÌgwIGÉ¢  W  ¢~W
 wI  wywyp: t w8ÊW~KwIx~I b t pw$®¸f t w t ~ª t ¸  wIÌgwIGpK  `g~x~W¸f t w Ã `»¢wwIÌgK¢~pvÆ
 t w  wI  w¾~Y»pw  ÁªpW  p   ¢Kw Ç½GªW  wÁ£I KÆ£zÆ£`òÆ£I§GÆ£²ô$FÂ s8t wQwI  ~ªÁw  ªpwI¢¸
 t w
Ã `»¢wyx¢ t p    `»pw^~x&wWpp  IÂ
ó·¢w t  Ã w  wI²»pw  w    ~~K¾wyp  ¸  pWWP t w  ~ª t &¸' t w1x  wI8~   wªp~W
¢¸eWx&w Ã
t ¢·Wx~¢w  ª¢wIpx&w  ~¢®  wI  ~ªÂ9Í·H¢Á¦GwwIwIÁp1 t w½ªp  w&¨Q t ~·¸  Wp
w  ¢~¥  wyp  Hº|fÏ® t pGw   `1øW¥Ww¾~¿ t w  `Á  p~ª $ Ã
t ~ t   w  w8&GwIw 
 Ã ~w¦W" Ã   ~ºÓ^w  wIW t wIw  pª¢wIKw~~wIIÂ
Þ~KpÆKwIG
x&wIW~pA t ¢8 t wwI~Ê¢pK¢vp»pw  ¸ø~w  ¾Wp»pw  ª¢w·pA Ã »¢w  ¾ t ~  `IÂ
s8t ~wK¢~K t w~KWK~wIW
¦¢$Ê¾¢
p"½Gªp  wIH£IzGÂ
 < &
.+
µ w Ã ¢W9½  H1wyx& t ¢~ÐIw t ¢ t wQx&w t  ¿ gwIp  wIÉW¥pWÁ  ~  ~9bÌgK¢~¢~»¢w 
ÌgKpW~~»pw$8~g¸Ç  x¢~p1W1 t w¢~pvÂHÍ
/wIK9¢¸È t wª¢  ~ t x¶pÁ¦w&pxww  W
pW bx&g¢ t $®»¢w~Òx&  wnÂe9  ¦~ª  `  ¢wIª¢  ¢/~w¸l t w'K¢  w8¸^ t w'pK~pvÂ
ÑAÐIpw Ã ~ t  Ã  wIG~Ò¾¸  `IÆW¦~ª  ` Ã ~l¦Gw¦~ª&p  ªpwIw  ¢ t wH¢~p"~~ªpw
»²¢w  Æ t ww~ÊpG^p»pw   t wy¢¢8¢ÁÏ wK¢IÏ~Ww  Gp¢  Â:ÑÐWw Ã
t w  w¢¢¸  `
  w  p~ªGÆywI»¢w  ¢¢¦~ª  `g Ã ~WKw  GWwpÆ²wIwy~ª· t w  ~ºÓ^w  wIWÏ Ã `»¢wyÏÆI  ¸øpx~~wy-¢¸  `IÆÃ
t ~ t ~Ww  p'~É t ~·  wyKÂ µ w¢px~I  wy  ~·p 9 wI¢~p" t w&KK  '¢¸e t w
¢~W"~ t ¢wG¢wpÂÑÒ8ªpK  ppwwye~K  ~   t 8 t w  w  w9KQKwIwypxK~pGÂ
s8t w¦~ª  `x&wI t   ~HQK¢   Ã `¸  px~  wyWx&pw-b~º¸Kww  w  $'"¦~ªA  W¦wyx¶~W
xw  K¦G  W¦wIx Ã
t ~ t pA¦wp»pw  ~K  ¢wnÂ
s8t w·x&¢~ t w  wI~¢K¢  gKx&w  ~  ~ )QIÒ&~wy/~ t w'pK  K~W&¸^ t w'¦K~ª  `Â µ w
I  wyp  wIp t w
~¸Ç  x&¢~p&ª¢~»¢wy¦W& t w·w
pK  ~w  W~xGpW  ¢nÂ-ÑÒ  ²»g~  wI
»²ªpKw  w½f~~WQ¢¸-¦~ª  `&pe  px~ Ã
t ~ t ÆW¸Ç  w»pw  &¢~WÆ  ~¾pW¢~Keppw
¢¸ t w  `H  ~»g~ªA¢ t ¢H¢~WÂ Ë Á1x&wIp¥  w Ã w¢~x&~ª t ¢ t wQI  wypH  wIª¢
¸Ç  ¦KK~  ~ªÉ t wA¦~ª  `g~p~xnÂÉÍ ¦ww  ª¢  ~ t x  t p  w  ~¥~K    w¾ t w
pxK~W"¢¸® t w¢x~  wIIÂ s8t wHª¢wIpx&w  ¾¢¸:I¢K~ Ã p   t wyA¦wÊg Ã   Ã
t w  wH t w
px~  w¾¦ Ã 9K($ ÂÑK  G  ¢~ªQ t ~9~g¸Ç  x~WÉ~Á t w  w½~~p¥¸ t w¾¦~ª  `·x`
¦wKw¸ø-  wyx&²»¢wHWxwH¢¸: t w  wIW  ~ )QK~wyÂ
s8t w ²¹¼áwwyK~W"¢¸ t ~
x&w t   ~8~1Gw  wI~»pw¢Â s8t w&|WpKw  ¦pK    AW  ~~p Ã ~ wIx¢~Y t wpxwpÂ s8t w"w~ÊWK0p»pw  ¢ ¦Gwª¢wyw  ~ÐIw  Å ¹ná&Â s8t wAx~  ~*)QÒ Ã ~
$@?BAC$ED
 
			 £p£
¢ªp¢~A¦Gw t wWK  G~p¢  x&wI t ~ª¾¸: t w¦K~ª  `Â
s8t w  wQ  wQw»pw    ~  wy~WK Ã
t ~ t ¢¿¦w"K  w  ¥ww  G¿ t w"x&wI t   ÂAÞ:~  IÆ:p
~x~~»¢w  ~pY¢¸· t ~ t wIx&w¢ ¦Gw~xwyx&wIWw  Ã
t ~ t Ã W   Ã Y~$ÊYG   ª¢w 
~x&wwyvÂÍ'p¦W»g~pK  wIx  Ê¾~'¢ t wG  w  W~ªQK  ¢w^¸Çwy  w¸ t w¢ªp  ~ t x Ä t w
ªpwIw  ¢~p¸vwIp t ¦~ª  `&¢   t w  wI¢~p&¸^ t w'w~ÊWKwyÌgK~W¾¢¦w  Ww
wIK  ¢w¢Æt wIKw9~K  wnÂ
«A³ -ñ-Øg×¾îÇÕgÙÕ¿Õñf¯ ÀÁp:¢¸f t ~  wIwI   tt ¢/¦wwI¾p  Kw  Ã
t ~w8 t w8½  /p t  /Ã ¢~
 wI~  wIKw8 t wHÜp  ¢W:~K~Kw
¢¸fÀÁ¢ t wyx~¢|g~wIGw¢Æpó'w Ã    ÊfÆWwI`»pw¸  pxÑÒó  ÑÍ
|gp t ~Í'W~¢~IÂ Ú w Ã ¢8K  ~¢QKK  w  ¦p"á·ãTª  ¢W0á·ã +WÞ/ß9¡p¨#+õ¢õ¢ã  ¨pò¡pò¢ KÂ
A	A 6:'7*<;
£`¨    ,	

  1 !81,	
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
−2500
−2000
−1500
−1000
−500
0
Þ~ªW  w¨KÄ
0 1000 2000 3000 4000 5000 6000
−2500
−2000
−1500
−1000
−500
0
0 1000 2000 3000 4000 5000 6000
−2500
−2000
−1500
−1000
−500
0
Þ~ªW  w GÄ
0 1000 2000 3000 4000 5000 6000
−2500
−2000
−1500
−1000
−500
0
Þ~ªW  wHzÄ
$@?BAC$ED
 
			 £y 
5700 5750 5800 5850 5900 5950 6000 6050 6100
−2500
−2000
−1500
−1000
−500
0
5700 5750 5800 5850 5900 5950 6000 6050 6100
−2500
−2000
−1500
−1000
−500
0
Þ~ªW  wòKÄ
5700 5750 5800 5850 5900 5950 6000 6050 6100
−2500
−2000
−1500
−1000
−500
0
5700 5750 5800 5850 5900 5950 6000 6050 6100
−2500
−2000
−1500
−1000
−500
0
Þ~ªW  w§GÄ
5880 5890 5900 5910 5920 5930 5940 5950 5960 5970
−1200
−1150
−1100
−1050
−1000
−950
−900
−850
−800
5880 5890 5900 5910 5920 5930 5940 5950 5960 5970
−1200
−1150
−1100
−1050
−1000
−950
−900
−850
−800
Þ~ªW  wôÄ
A	A 6:'7*<;
£Iz    ,	

  1 !81,	
6000 6500 7000 7500 8000 8500 9000
−2500
−2000
−1500
−1000
−500
0
6000 6500 7000 7500 8000 8500 9000
−2500
−2000
−1500
−1000
−500
0
Þ~ªW  wõGÄ
6000 6500 7000 7500 8000 8500 9000
−2500
−2000
−1500
−1000
−500
0
6000 6500 7000 7500 8000 8500 9000
−2500
−2000
−1500
−1000
−500
0
Þ~ªW  w¤GÄ
6000 6500 7000 7500 8000 8500 9000
−2500
−2000
−1500
−1000
−500
0
6000 6500 7000 7500 8000 8500 9000
−2500
−2000
−1500
−1000
−500
0
Þ:~ªp  w£I¡GÄ
$@?BAC$ED
 
			 £`ò
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
−2500
−2000
−1500
−1000
−500
0
Þ:~ªp  w£¢£pÄ
100 200 300
1
1.5
2
2.5
100 200 300
1
1.5
2
2.5
Þ:~ªp  w£y¨KÄ
50 100 150 200 250 300 350
20
40
60
80
100
120
50 100 150 200 250 300 350
20
40
60
80
100
120
Þ:~ªp  w£I GÄ
A	A 6:'7*<;
£y§    ,	

  1 !81,	
50 100 150 200 250 300 350
20
40
60
80
100
120
50 100 150 200 250 300 350
20
40
60
80
100
120
Þ:~ªp  w£zÄ
50 100 150 200 250 300 350
20
40
60
80
100
120
50 100 150 200 250 300 350
20
40
60
80
100
120
Þ:~ªp  w£yòKÄ
50 100 150 200 250 300 350
20
40
60
80
100
120
50 100 150 200 250 300 350
20
40
60
80
100
120
Þ:~ªp  w£I§GÄ
$@?BAC$ED
 
			 £²ô
50 100 150 200 250 300 350
20
40
60
80
100
120
50 100 150 200 250 300 350
20
40
60
80
100
120
Þ:~ªp  w£`ôÄ
A	A 6:'7*<;
£yõ    ,	

  1 !81,	
5  ;% 1@8	A+
 ï °²±pÖl­ Õñ®ÕW°`±K¯IïÇØ^ñ Þ~  e  `  ¢~ªH~ÈGw  ¸Ç  x&w  ~ t w
x  wIK¸Ç  x6 t w'p  w¢~WÂ
µ w  ¢w   ` Ã ~ t ~K~~¢  ~  wI~p  ~  w~ÐI~KªÅpP~~~¢pwI~ªY¢ªpw   )  "¼Â s8t w
~~~  ~  wI~p¸: t wI    `¾~	
  b¡ $ * bW8   $,)~    $ $ Ã ~ t   *  5     Â µ w t wIt `»¢w  `g
p¦GwIw  e¸Ç   * £N));gÂ·ã¢ t1 `~·"w'¢¸eGp~W  w½K~ªQ¦  pÊ¢wI~w
¸  px  t wp  w9¾ t w¢~p Ã
t w  w9 t w  `¾w~8 t wª¢p¦GvWx&G¢~pK¢  px~vÂ
ã0¢ t ¦~ª  `Å~  w½fw  ¢ t wAwIW»¢wIWGwA¸
 tG wIwAKwI~»¢w  `Â¥ÀÉ  wA  wy~wIpÆ:~&~
 t wxwy'Ww  ¢  pKKwIw 1 Wx~pW¢~K~ª¾ t wIw tK ww  `8¢  ¦pK  w  ¦W t w
¦pG    ¢¸^ t w
ªpW¦KKpxK~p  Wx~vÂ s8t w
 t ¢KwI/¢¸fwyKWKWw  ~ªH  w8¸Ç¢G¢~p
pxx&p"& t wyw9 tK ww  `e~0»¢w  ¾x¢nÂÑÒ0 t w  w¸Ç  w9ªpG  ¢WwIwIÈ t  t w9¦K~ª  ` Ã ~^Ê¢wwy
x&~~xKx  t ~$ÊWKwIÂ µ wQ¦K~  I'  6#&% $9¦~ª  `·¢¦ww  <pÆl¸Ç   * £ ) )FI'  6#&% $FÂË ~ª  `    ~
¦G~
K~Kª  `0 tK ww  `   ÆH * ¨    £$ 5 ¢  O* £N)¨ ) KÂ
s8t w¦~ª  `~H¢Á¢K  `~x¢~p¸ t w&wIW»¢wIWGw¸e¢ t w  `' t ¢·~Á t w&~K~~¢pw
¢¸  ~  wy~pG  w½w  ¦p t w½  ·¢   t ~   WK~  w  w   `pÂ
ÑÒ· t pK  t pw¦w  px~¸Ç 
Ã
t ~ t v t wyw  `  w'  w  ~WªpW¦Kvx&~K~x¸Ç   t w I,  ' ,  ' p~x¢^pW  ¢
  W¦wyx6¢w  ~¾wy~W¨KÂ s8t w8»W~p~ÒpK~p& t wyª¢~»¢wy t w'  wyp  ~Kª·  `»pw¹n~x&w¢Â
s8t ~  wIª¢1~x  wIpxp~ª t w t ¢w¾KpwpÂ s8t ~¢¥¦GwQwwyÁwy   t wp  w
¢~W Ã
t w  wA t w  wA~Åx~»²w  wIÂ s8t w¦~ª  ` t `»¢w"KÁ²»¢w  ¢lÂÉãe»pw  Å¢wIW~
 `¥ t p~P t wQ~~~0pwI~ªÁpª¢wQ¢¸ t w"wKGw  ~x&wIWQÏ ~»¢wyÏ®p¥~YWw"¦~ª  `¢Â µ!t wI
x~»`¢Kw  wyI  IÆ/ t w  ~Ó^w  wIW&¦  pK t wI¸' t wx~¹n»²¢w  ¢~pG  wA~¢ 
~»¢w~  ~Ófw  wyp·¦~ª  ` Ã
t ~ t ²»¢w  ¢A~ t w& t g~®KpwpÂ ^pwy Ã
t w  w¦~ª  `²»¢w  ¢
  wyp   t w t ~¢  px~ Ã
t w  wx~¹n»²¢w    `»¢w^I  Â
æ6ÕW­ ®ïøñ  Ø9¯ -Õ¿¬:ï °`±pÖl­ ÀÁwI t ~Kª" t wIw¦~ª  ` Ã ¢  pw&K~ªAÀÁp¦  á9ãCg¢¦G`
 º£z,"nÂ µ w Ã
 ¢w  ~K
¢px~IQ¢ÊW~ª~WQppKW t w  ~ºÓ^w  wIW'I¢wI Ã
t wI  `  w
  W~ª  ¢IÂ
µ wpª¢~¢¾pxKKw^ t wÐIpwy0~ t wH¦K~ª  `g0¦pK  w  ¦W  `  wªpx&wyp0¸  `IÂ
s8t wI Ã wªpw  ~  ¸e¢: t w¢~p'W1 t wIw  `g Ã
t ~ t   w  ~pW¢~Kw  ~É t w¦~ª  `¢Â
Þ~K Ã wx&wy t  t w¦K~ª  `¢Â s8t wx&wI t w  ~8¦Kpw  W&á9w¢KG`"ª¢  ~ t xÂ
ÑÅ t wQ¢w Ã
t w  w t w¾ tK wIw  `H  wpwp   t w  w¸Ç  w& t w¾¦~ª  `1 t ~lÆ- t wQxwy t ~ª
x`¾wIw  »pw  x  ~¢Kª¢wIIÂ®Ñ"   w  `»p¢~  ~K~WK Ã
t w  w' t w9¦~ª  ` Ã W  ¦Gw9p
WwQ  ~¢ªpw" t ~$ÊfÆ Ã wAwIx~I  w½wA t wxwy t ¦WY~~KªÁw»pw  Á  ~¢ªpw"~WÉ¸Çp 
  ~¢Kª¢wIIÂ s8t ~8~  WwH Ã ~w¢Â
$@?BAC$ED
 
			 £y¤
   *%
+:
/7A,/JBT,/;% %'+:$#&%'
s8t w¢~x ¸ t ~wy~WÁ~H1  ²»g~  w  w~w  ¸Ç  xK¢~pÉ¢¸ t wQ t wIx&w¢Â µ wQ  w&ª¢~»¢wy
Å  ~¢ªW~p ¸  px~ 9Â s8t wÉW  wAw  x 0è¦GwIWªp&9Â s8t wÉ  wI¾  w~w   )F * £N));  ÆG t w  ~¢ªpwy8  w   ) * £N))    ÂÚ wIKwÈ t w  8  K  wÈ~vª¢~»¢wyH¦p9
wv¸K  wylªp~»pwI9¦p9 t w~  g   ~K¢w (# D<$) :  <$)F *
£N)) yÆy8wl¢¸W  ~¢Kª¢wI^ª¢~»¢wyH¦p· t we~  w·~H t we  w»g~WK^~v¸ t w~    wI (   N)£$);   N)F¨4$) 6 N)  $) *
£N))    $
¢  "w'¢¸e¦GWK    ÒGw ø¢ªD<$) * £N));$  ww  x&~~ª Ã
t w t w   t w¢~p
~~A t w~pw  ~  ÆW" t w¦pK    Q  ¾p  wHGp~WIÂ
µ w  w½w9¢~Ww  ¦GwI Ã wIwI¾ t wH  wI 9¢   t w9wIe¢¸l  ~pª¢wI3  *   % ) ) 
¢¸lG t w'  ~¢ªpwy/ t ¢ t `»pw--pÈ»pw  wvÂ:ÞG  wIp t   w¢Æ Ã w·pxKKw' t w'~Ww  ~ È   ~K . 
¢¸l t w9x&¢wIKw	
 *   nwIw
½GªW  w£Iõ.$ Â®Ñ"  p~w¢Æ Ã w·¢Ê¢w
 t w·x²~xKx p  - 3 ¢¸® t w  ~¢Kw¦GwI Ã wIwI4  ¢   t w~  w¸ CWKp~w9  Â
ó· Ã Æª¢~»¢wI" t w  ¢  Æ Ã wHWK~  w  ~8~wyw Ã ~w·~wI  ~Ww  ¢~W"~  wy¢w  ¦W  Æ M  $ *  Â:Ñwy¢ t   ~¢ªpw Ã ~ t  t w9  wI   )6  )  Æp t w  wI  ~~p&¢¸  ~ T~ t w
WQ~wy  ¢gKpx&~¢    *   % 5    5   Ã
t w  w¸Ç  &* £ )F¨ ) GÆ     $ * £~º¸  *  ¾¢  ¡¾wwpÂ s8t w      wp t ~ª¦K9 t p t w8¦K  wyp  ~0g   ~KwI Ã ~ t& wIwI:H  ~¢ªpw  p~&¢     ½K~w8wwIx&wIW/x&w t   Â
s8t w9ª    ~wIW¸  ~8pKpp ¢  ª¢~»¢wyA¦W
!  *   !   % 5   !   5  !   
s8t w9w  x !  ! )#" * £N) pA¦w  wIWxKw  Âs8t wyvÆv¸Ç  wI¢ t   w ¦GwIWª¢~ª Æ Ã w&pK~  w   t wpª¢wIÆ®K¢x&w   Æ-¢ Ã w  w½fw $  *&% ('  
 
'¸ep  w
$  * ¨*)/Æ^wKwy Ã
t wI1¢ª  $ 	 ¡KÆ^~nÂ wpÂIÈ~9p1 t w&¦pG    ¢Â9Ñ1 t ~HI¢w 3 
WpW¢~G
  ~¢ªpwy Ã
t ~ t   w    t w  Wx~vÂ s8t ~·~9~xG  ¢W Ã ~ t¥ wIªp    t w
|gpw  ¦GWK    Qp  ~~pp Ã w Ã ~-ww¦w Ã Â
µ wpA Ã  w½fw t wgKx&w  ~¢ Ú ¢x&~p~¢
+ +	
	),6$0Ä * +  !.-0/ ,.) ) !.-2143  ,6$ * L L 5 
 L L$ 7 6
87   B - 
 !.- , :9; - )
<  *
% ('  
 !  $ B  * p  ¨9 * £¨>=  H TM@? 5 F H T @? ?AI
A	A 6:'7*<;
¨¢¡    ,	

  1 !81,	

  
     
 
Þ~ªW  w&£yõKÄeß·wWx&w  ~vwIwyx&wIW0¸Ç   t w Ú ¢x&~W~¢
s8t wH¢~W @ ) ? ) ? ?   w9 t w tK wIw»¢w  ~wI0¸ ÆwIwÞ~ªW  w£yõKÂs8t w&ª¢  ~ t x~' t w¸Çp Ã ~KªGÂ µ w~~~~ÐIw  2  * ¡"¢  wI'"WK~ª"  ~w  ~p1Iw  wI
"Q»pw  "  ª¢w»²wp  p~ªW¾ tK wI t p  "Qx&¢®pw øÒ~¢¥£y¡  $FÂ s8t wgW
~~x&w~
KW~   H
	*" $   ÈKW~-WW»¢w  ª¢wyKw
¸Ç   * £ )   );H    5 gpApx&wI t Gp~W
Ñ¼¸<M  * 0 $e t wI |gwI~-  wIwIx&wIW0¸Ç   t wp  w¢~p  $#&% * ¡
wIw
ÜWxKw " ! ÜWxKwH t wIv~x&wwIvÆwIwH¦w Ã  $#&% *     "     M  )   $  6#  );:  $<$/ã»¢p~W"wy
 H * x²   HN)  K)   $<$ ÜWxKwH t w  wy~  K¢^¸Ç   t wWp»pw  ª¢wyKw·wI
wI  ~¸
wy  
wI  KW~
µ wK t `»¢w0Gwy~¸Ç t  Ã Wx&Gw t w8¢~x&w
wIK" !Â s8t w8w  x&~¢¢ªp 2I 3
px&wIe¸  px>ÜWxK¢~pK¢Þ~  á9gG¢x&~·wy t ~Ìgw  w»¢pw  & t wH¢I~pQ¸-wI  
& Ã ÂÑÁ t wyw¾¢I~pGÆv¢·~9~9 t w¾I¢w t w  wpÆv t w~x&w& t W  ¦Gw¾wwyÁ¢HpÉ~w  ~W
G  ¢x&ww  p  ~9pxwwÉ  ~½~nÂ Ú wIGw¢Æv t w¦Gwy9~x&w&wyÁ t p  ¦w t w&pw Ã
t ~ t
xg~x&~ÐIwIe t w9pW»pw  ª¢wIGw8ww  ¸l t w· t wIx&wpÂ/ß·~»¢wy Ã   ~ºÓ^w  wIWex&wI t ¢~WIÆp t w 2~xw
wyK3H¸Ç   t wyw· Ã ¢~W t `»¢w
K  wI¢p&¦w'wIÌgK¢~Gw' t w¾  w
 t WwyªpK  ppÒ t w
p¦~~ÒQ¸ t w t wyx&w9»g~  wI¢~p
£I¡ $" !.2 * O  0 £¨ £I¡.$
$@?BAC$ED
 
			 ¨K£
p   t w·ÜW  ¢WÞ  ~w   ~ t/5 w Ã &WGx¦w  Æ O  ~K~¸Ç  x tK Wª t p t w  px¢~vÂ:Ñ  ¢$¹~w
 t w  w~p £I¡ $p¾¦Gw  wIgw   O  0 £¢Â:Ñ £y¡.$ Æ . l~È t w  ~¢x&wIw  ¸v t w·x&¢wIIw	
e¢  ~8WxKw  ¢8ª¢ªpwIw  ¢¦²»¢wpÂ
ÍwI  ¾wpÆg t wHpK~p  wyGwy  0pAgI  px~¾~Q t w 2K Ã ~  3  ~  wI~W¾ª¢~»¢wy
¦WQ t w  `g0¢¸® t wª¢wWx&w  ~^W~IÂ s8t ~
~ Ã
t Q t w 5 W¹¼Þ  ~w   ~ t  t wIx&w t ¢0 Ã &w  xÂ
s8t w  ~~K~W1 £$  7  ('  B  !   $^~W    Kw  ~ t w0gKx&w  ~ Ú px~pK~pH~® t w0ÌgK¢W~ÒKww  w  ¾¦K¢Gw9 t w¾Ï  wIp¦~~Ð~ªGÏwÓfwy¸: t w¾Ï `»¢w  ¢ª¢wpÏ < Â s8t ~pw  x ~HÏ  wIp¦~~Ð¹
~ªÏK¦Gwy¢GwK  ¸:~
KK  0~ª¢wyw  ¾p~  wH t w 2K Ã ~  3  px~A¸  wIwI  wyKw¢¸
 t w8pK~pvÂ:Ñ t /wIKw¢Æ² t w 5 Þ  ~w   ~ t  t wIx&w0~/K¢   8 	 ¢G Ã ~   t wIx&w¢Æ
p Ã p  ¦Gw¾ t wß·  K²»Å t wIx&w¸Ç  wK¢xw¢Æ¦K t wQ¢x&pGp¢¸  ~~K¢~pÅ~KKw   ¢x" t w¾Ï  wIp¦~~Ð~ªGÏKwÓfwy8¢¸ <  Â
µ ~ t  t w|Wpw  ¦pK    p  ~~pQ t w  `È  w8~x~~¾¢Gxw  & t w9¦GWK    
  ¦wA¢ªpwIWÁ~ÂÅÑY t ¢&I¢wQ t wpWx&¢~  wI  ~~p¿¥ t wWxK¢~pK¢  Wx~
~ t w  w½~~p1¢¸È t wgKx&w  ~¢ Ú px&~W~ppÊwI'~W"¢IpGp' t wp¦KwIKw¸%2K Ã ~  3
pW  ~¦K~p¥¸  px  t w¾W~  w¢Â s8t w|WpKw  ¦pK    ¥W  ~~pÅ~  	  O, 

QP ¢ÊwyÅ~W
ppKW £8"nÂ
AÕ¿±°   7   5=('  E9D7 !	  

  (, ,& -=
   ' =( 4' D7   <
 	8 	 % %,
  @7 (
 P  ,  '%$: E1<7  4     .8D7 8I:6 D7 3   :7', 8 0  D7 
    E%'4    )6  " :97     %,   =      "%88 D7L+  	
	),6$ * L L 5 
 L L$ %
	 
 IB 
 ( B
 ,   , 
*
7 
 	 B      '   E

*$: <J  ;)6  "  -,7 ' 1,'8.   :78  :7
 (   
* ,   ? >   3  AF.   B  * B  5 B  ¨ 
A	A 6:'7*<;
¨p¨    ,	

  1 !81,	
< 5 +:%
8&1%'å+®;%'?%
s8t ~8 t wIx&wH~  w  ~»¢w  ¸  pxÎ t wH½     w  pwpÂ s8t wx&¢~AWW"~  wI¢w  ¦W
KW~   H 
	*" $  
¸Ç   * £ )  A) H  
Ñ¼¸  * 0 $ t wy  $#&% * ¡
ww"   *
  $#&%   *     " !¨ = + B 
  ;  
	)
 $ A  $#&% *     " ! = +  B  #
	  
  ;  
 ) 
<$ A
 H * x    HN)  M;)   $ $
wy  ~º¸
wI  
wy  Gp~
µ!t 8~w¸Ç8~8  w½Kw + B 
 ¢  + B  #
	  
 Â µ ww
+  B 
 * + ! - / ,  ) ) ! - 1(3  	 , +  B  #	  
 * +  ! - / ,  #
	   ) ) ! - 1(3  	 ,  #	   $
ÑÉ¢ t w ·Ã    IÆ Ã w&Kw t w    WGxw  ~¢ Ú ¢x&~W~¢Ép
¸Ç   t w½  ·   w   t wIx&w Ã ~ t ~ºÓ^w  wIW
»²wy
¸/ t wª    ~wyW8¸  ~1 t w  ~¢ªpwy8¸*3 ew»²K¢w  ¢
 t w~x&wI ! * " 
p    $# %   * ( 5 £¢¨4$F" FÂ s8t ~ Ã 0x&  w·x&    ~ÒpÆWp   t w·W  wIx¢~~ª t ~ª&~0 w½w t wIww Ã ª    ~wypÂ
s8t ~~  pw¾»g~ t wQã0wIW~¢Áó·pP9~   øãeó$9wy t ~Ìgw  ¨K£"¼ÂAÑGwI  ¢¸~g¹
w  Gp¢~ª  ¦WPÁ~wIw Ã ~w~wy  GpWx&~¢bÆ Ã wA~Ww  ¢wA   <7  (   
*  ¦W¿
ÌgK   ~HGpWx&~¢bÂ Ú  Ã w»¢w  Æ~Gw~ªW  ~~wy
p¦wwKwIw  b t wp~W~
K¢8w»W¹
w   Ã
t w  wWW~WKpK  ~ºÓ^w  wIW~¢¦Kw~¥ªpwIw  ¢ $ Æ Ã w¾I¢KpKw¾A½Kw  wIG~È1WxKw
 t ~9ÌgK   ~¢px&~0Ä
~I¢É¦w& t  Ã 1 t HK t " t wyxw Ã W  ¦w&KG¢¦w¢Â|W~Kw
 t w~  ¢~p~K¢Êg Ã  -=  ÆGp¾  p~»¢w'  wªp~ewyx²pw  `»¢p~   t w·¢wIW~
~ªp  ~~wIIÂ
Þ  ¢WY  ~¢ªpw Æ Ã wpK~  w   t w¸øpx~Y¸'¸ÇW  wIK~¢&p Þ~ªW  wÅ£I¤ s8t wIP  w
pK  Kw  ¢¸Ç¢ Ã Æ Ã ~ t  t wWK  ~p t ¢&pW¿K t ¸ø¢x&~P t p  pW¢~P t w tK ww
»pw  ~wyH¸ ÂQÍ'WÉ  ~¢ªpw  t p Aw  ª¢wyÂ"Ñ¼¸0~~¢WÉWw&¸  px t w"¦pK    ¢Æl t wI
wy¢ t w  ªpwH¸ ¦wpªWQ¨  ~pª¢wI9Ä ¢  %·        ¢pAÞ~ªW  w&£y¤KÂeÜpG~  w  ÆW¸Ç  * £ )  ) GÆvwI¢ t WK  G~p Ã ~ t  ¢   Â   t p9 w  ª¢wyÆ^ t wIÅ~H~HGW~¦Kw&~¥ª¢wyw  
½  ¨w Ã   ~¢ªpwyÆ:K¢x&w   ? p   ? ? Â s8t w¸ø¢x&~  )  )  ? )  ? ?  t p§  ~~K  wIÃ
t ~ t WK~w t wwyK~ 
 Ç¸Ç   * £ )  ) .$ Â µ wpG  K8&¸Çp   t wIG~bÆ   ¢W1Þ~ªW  w"£I¤GÂH'¸p  w¢Æf~º¸ Ã w  wgWw t w&¦GWK    pÆf t ~9  w    w¦  wIpÊW   Ã vÂ
s8t ~¢w t pKGwyK/W Ã
t wy t w
  ~¢Kª¢w  t ¢È¢Èwy¢ÈpKw8»¢w  wW t w·¦pG    ¢Â:Ñ t ~
$@?BAC$ED
 
			 ¨¢ 
 
 
   
0
  
0
 /  
 	

Þ~ªW  w£y¤KÄ s8t w9¸Çp  GpwIW~¢lwIK~
A	A 6:'7*<;
¨z    ,	

  1 !81,	
I¢w¢Æ Ã w Ã ~ t ¦K¢$ÊQ t wH½  8   w   t wIx&wpÂ
ó· Ã ¢ÊW~ªpp¾wyK~bÆ Ã ~ t ~0§»pw  ~wyÆp~0~GW~¦w·~Qª¢wIKw  GpxKw·¢¹
x&~l¢¸  wª  wIw¨ÆG¾ t ¢ Ã w t `»¢wHzQ¢px&~  ~ t p  ¸Ç  wy¢ t   ~¢ªpwpÂÑÒ
~Ww  ¢w
 t w  ¢ t wIw§&¢~WIÂ/Ñ¼¸)8$0  w9 t wg   ~GwH¢¸:¢W"¢~W8¸: t wwyK~bÆ Ã w Ã
 ~w
 1(#) :$ *  2 5  % (#   $ 5   (:  $ 5   (#   $  5 (#   $':   $ 5 (:   $  
Í·x&pª t wz¢px&~Æ Ã wwIwy8 t wpwpÆ	  
   Ã
t ~ t x&~K~x&~ÐwIL   L 5 L  L 5 L  L 
s8t ~wyK  wy t ¢ Ã w t `»pw0~$Êw  G t w
xgp t wy/ÌgK   ¢~0pK  `~x~W¢¸ t w8ª    ~wIWÂ
s8t wI t w  ªWKx&wIW !     )  ! - 3 ~
!     * !   
    $
ÀÁ  w  wI¢~8pA t wK¢~pA¸  
   I¢¦GwH¸ÇWK  ~   "¼Â
%'B%'%'8%
+
 £8"  ÂÍ·¦ª  nÂ ó9Kx&w  ~I¢K  `~x&¢~p>¢¸Á t w¦pK    >p  ~~W>¸Ç  ½      w 
t ¢x&~W.+IpW¦~KwIÌgK¢~pKIÂ s wy t ~  wyG  IÆ¢ä9~»pw  ~w  w Ë    wIpgÑ$Â µ   Ê~¾  wyK²¹ ~WvÂ
 ¨"  ÂÍ'¦Kª  bÂTó·Gxw  ~¢
á9~  w~Ðy~p ¸HÞ~  Q   w Ú ¢x&~pTÛW¢W¦~8ãÌgK¢~pK&W
s8 ~¢ªW  ÀÉwI t wIIÂ 8     	      = =
 ' ,D7  Æ-£y¤¢¤p§KÂ:Q¢GGwy  Â
  ,"  ÂgÍ·¦ª  ^¢  s8t ÂK|gpK  Â:9Q t wHKw'¸®ÀÁw t ¦Kp t wKKpK~WKe~¾ t w  wI²»¢w  &wIQ¢¸
ãóH x&w t   IÂ  	    ,D7  Æv£I¤p¤¢§GÂ s pKGwy  ÆW¢á 5-! wI  ÆÍ'ªWK'£I¤p¤pòKÆá 5® Æ
Ë KGwyK  Â-£I¡KÆgá·¹¼ gô²¡gô² ¾ß·WwI~ªpwIvÆ^ß·w  x&pW¢Â
 z"  Â    »g~P¢ 5 wypxwAÑ$Â Þ~~w¹  ~ºÓ^w  wIKwpxK~WP¸9  `»¢wI~x&wI~P»¢w  Ppg¹
  pw  x  wIIÄAÅx¢~»¢wI¿K  ¢w¢K  W¢ t ¢  ~¾¢g~¢w  g¢Â '=7NP   (  Æl£I¡WòÄ ¨pô£+¨¢õzÆK£I¤p¤K£¢Â
 ò"Â  Kg¦  ª Ë Â®ã0ªpÌg~IÂÀÁ~¹¼ t ¢wAWxK¢~p¿~Yª¢wIpx&w  ~¢/p~IÂ s wy t ~
 wI  Æó9    sÚ Æl£I¤p¤pòÂ
 §,"|^Âp9 t w -Ë Â`ãKªpÌg~IÆyã·Â`ÞwIx&~nÂó·Kx&w  ~  wI¢~p¢¸G t w t ~ª t ¸  wIÌgwIG¢x&K¢~
wKK¢K~pA¸ t w¢ eÃ `»¢w9wIÌgK¢~pvÂ  8 ?=  7NP Æ®£y¨¡GÄ£IzWò+f£yòpòÆK£y¤¢¤WòÂ
 ô"HÀ Â Ë    ~&p  |fÂ9 t w  Â s8t w pGpW»pw x~¹  ~x&wIG~pK¢  ~wyx¢Kè  W¦wIx@¸Ç 
Ú ¢x&~pg¹ÒÛppW¦~vwIÌgK¢~pKIÂ     ,D7  
  Æ¨¢¨ n¨4$ Ä  ¢z¢z,+g pòK£¢ÆÀ¥   t £y¤¢¤K£pÂ
$@?BAC$ED
 
			 ¨pò
 õ,"ßÂ Ë   wIIÂ  
 	 , 
  8'    4    	3, 
 1/
   '4 Âàó·Kx¦Gw  £`ôÁ~
À¥ t wIx~Ìgwyw
Í·K~I~pGÂ|g  ~ª¢w  Ý/w  ¢ªGÆ^£I¤p¤zÂ
 ¤,"ÛÂ ¹ná&Â Ë wyK¢x&plÂ Ë ~ª  `"  p~ªÉÄÀÁ~»²w    `»pw~x&w½Gw  pxK~p1G~ª"»g~¹
p~Òp~W&¸^ t w8wI~Ê¢pK¢wIÌgK~WvÂ s wI t K~I  wyG  È¨¢§¢õ¢õGÆ²ÑÒó  ÑÍÆG£y¤¢¤¢§GÂ s pKwI 
~  	  8 -=  7NP Â
 º£I¡,"9ÞÂÈÜ¢~Â Ú ~ª t    w  ¢¦K  ¦~ª1¦GWK    ¿W  ~~pK¸Ç Ã `»¢wQ  pGªp¢~pÅx&  wÄ
|g  ~ª t ~w¦pK    "¢    Kw  pwyÂ/K¢ª¢wIH£y§K£+f£`ô£¢Â|WÑÍ
ÀPÆ-£I¤¢¤p KÂ
 º£¢£8"9À Â ßÂ/Ü  p  È¢   Â 5 Â 5 ~pKIÂ sÃ pK  `~x~WK9¸8pK~pKH¢¸ Ú ¢x&~p.+Ûppp¦K~
wyÌgK~WKÂ  ,D7 C86-=  ÆzW  £I§Wô4$FÆÛWÁ£I¤¢õ¢zGÂ
 º£y¨"HÍÂ Ú ¢Wgªp¢  ÛGÂ  ² t wIbÂ  ¢~pÉ  »¢w  `Á  p~ª1~YpxwÅª¢wI¢¢ª¢~¢Èx&  wÂ
 '=7NP
  ='   ÆKzW KÄ õpò¢¤+gõgô¨KÆG£I¤p¤pòKÂ
 º£I ," 5 wIpxwÑ$Â Ú ¦  ~  x  wI~ª Ã ~ t `¾  p~ª¾¢  ½~w¹  ~Ó^w  wIKw¢Â8£I¤p¤¢§GÂ
 º£z" s8t wÀÁ tAµ   Êg0ÑKÂ M,(
R% !8  (
  	3,  	
   J 88  	 Â
£y¤¢¤pòKÂ
 º£yò" µ Â µ Â:|Wx&wIÛÂvÝÈ¢ s® ~w  Â&ä· Ã ~  ½~w¹  ~Ófw  wyKwQI~WÉ¢¸  `»¢wI~x&wyÂ  =7NP Ævò§GÄ õG£y¨+gõp¨K£¢ÆK£y¤¢¤G£¢Â
 º£I§," 5 Â ~x&wIIÂ s: `»pw®~xwy'~É t w&~  ~"x  x&pK~®x&  wIÂ ,  ' 	, 3 7
 ,  Æ-£I¤¢¤p§KÂ
 º£`ô" 5 Â ~x&wIIÆWÀ Â »²p~$Ê`KÆg¢  ÝÂGÜw  »¢wyW¢Â:ß  ~  pxKK~WK0¸  `p    `»¢wI~x&wyÂ
~Ä|Ww~x~ Ã `»¢wI·~Åpxw¥ ¹    K  wyÆ  wyG  £¢Â ('G7 7  =, $/ = ,(   FE
 '=7NP	 8 7L,,
* ' P  ,	 ÆK¢ª¢wy0õWò#+^£¢£zÆ£y¤¢¤¢zGÂ
 º£Iõ,"HÍÂ  Â ã'Â s wy   g  wHp   Â  ~w  ÊÂ8£y¤¢¤p§KÂ
 º£I¤,"  Â 5 Â 5 ~pKIÂ 8 8 
  #-8
 	    E 
  ,3K '47  	3,   Â  ~x¢vÆv£y¤¢õp¨KÂ
 ¨¡," s Â ÛÂKÀÉpw  ÂÈ| t   wy
G t ¢I~pA¸/w~x&~  `Â  '=H74P Ævò§KÄ ò¤+g§gôgÆf£I¤¢¤G£¢Â
 ¨£8"|^Â^9 t w  p  Ü·Â µ Â^| t vÂ Ú ~ª t +g   w  wywIW~"pKp~  Q t wyx&wI¸Ç Ú ¢x&~p.+
ÛW¢p¦~vwyÌgK~WKÂ       	     R
 Æf¨õ bz $ Æv£I¤¢¤G£¢Â
 ¨¢¨" Ú ÂÀPÂ|WWw  Â/9K~x&¢vpW  p^  W¦wyx Ã ~ t w9KpwHpG  ¢~WIÂ     86,(  
,  =  /  ,  Æ¨²zÄ òpò¢¨+ò§G£¢Æ£I¤¢õp§KÂ
 ¨ ," µ Â^|WxwyÂÈÍ  Ã wIx&¢ t ~ª¾ª¢  ~ t x>¸Ç  x~Kw  `»pw~xwyÂ =  !=  ( Æl£I¤p¤¢§GÂ
 ¨²z" Ú Âpße²  WÝÂ`Ý'~`wpÆã'ÂyÑÒ»¢w  wIvÂ s: `»pw~xw¢  ¢x~  w0wI~x&¢~pK~ª Ã `»pw¸  pW
pK  K~pvÂ '=H74P ÆvòõKÄ£¢£`òpô#+f£¢£y§¢§GÆK£I¤p¤¢ KÂ
 ¨¢ò"HÛÂvÝ'~  ¢wpÂÞ~~w¹  ~Ófw  wyKw¾¢I~p¥¸0  `»¢wI~x&wIIÂ   	 

  8    #     Æ:ô²õGÄ ¨¢¡¢§W¨#+
¨¢¡Wô§KÆ^£I¤põ¢õKÂ
A	A 6:'7*<;
¨¢§    ,	

  1 !81,	
 ¨§," Ú ÂÀ Â8|WWw "µ Â Ú ÂeÞwIx&~KªGÂ 8  
*'  ,   #''8 ,   8' P  
 	    Â
|  ~ªpw  ¹nÝ/w  ªÆf£y¤¢¤p KÂ
 ¨pô" 5 Â Ü  ~¢   Â Ë wIK~w  ÂfÍ!ÊW~wI~0¸Ç  x~W¸Ç  xK~º¹Ò¦  ¢K t wIW  Wpp~WK¸l¢ 
pKw  »²~WQ Ã Â        
 P  ,3K
  1  ,   Æ-£I¤p¤¢§GÂ®pKwI  Â
$@?BAC$ED
Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l'Europe, 38330 MONTBONNOT ST MARTIN
Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
